Abstract A single-sheeted double many-body expansion (DMBE) potential energy surface is reported for the 1 2 A state of NH 2 . To approximate its true multi-sheeted nature, a novel switching function that imposes the correct behavior at the H 2 (X 1 + g )+ N( 2 D) and NH(X 3 − ) + H( 2 S) dissociation limits has been suggested. The new DMBE form is shown to fit with high accuracy an extensive set of new ab initio points (calculated at the multi-reference configuration interaction level using the full valence complete active space as reference and aug-cc-pVQZ and aug-cc-pV5Z basis sets) that have been semiempirically corrected at the valence regions by scaling the n-body dynamical correlation terms such as to account for the finite basis set size and truncated configuration interaction expansion. A detailed study of the N( 2 D) · · · H 2 (X 1 + g ) van der Waals region has also been carried out. These calculations predict a nearly free rigidrotor with two shallow van der Waals wells of C 2v and C ∞v symmetries. Such a result contrasts with previous cc-pVTZ calculations which predict a single T-shaped van der Waals structure. Except in the vicinity of the crossing seam, which is replaced by an avoided intersection, the fit shows the correct physical behavior over the entire configurational space. The topographical features of the new DMBE potential energy surface are examined in detail and compared with those of other potential functions available in the literature. Amongst such features, we highlight the barrier for linearization (11, 802 cm −1 ) which is found to overestimate the most recent empirical spectroscopic estimate by only 28 cm −1 . Additionally, the T-shaped N( 2 D) · · · H 2 van der Waals minimum is predicted to have a well depth of 90 cm −1 , being 11 cm −1 deeper than the C ∞v minimum. The title DMBE form is therefore recommendable for dynamics studies of both non-reactive and reactive N( 2 D) + H 2 collisions.
Introduction
The N( 4 S, 2 D, 2 P)+H 2 reaction has been the subject of considerable theoretical and experimental work due to the fundamental importance of nitrogen reactivity in atmospheric chemistry and combustion processes. Since the ground state nitrogen atoms, N( 4 S), are often not very reactive, a major interest has been focused on reactions involving their lowest N( 2 D) excited state.
During the past decade, the N( 2 D) + H 2 (X 1 + g ) → NH(X 3 − )+H( 2 S) reaction has been studied using a LEPS (London-Eyring-Polanyi-Sato) potential energy surface proposed by Suzuki et al. [1] , and a more realistic form obtained by fitting ab initio data to a Sorbie-Murrell type function [2] . Both theoretical studies concluded that the collinear (abstraction) path is dominant in the N( 2 D)+H 2 ( 1 + g ) reaction, in agreement with a previous experimental result which provides evidence that it proceeds via a direct hydrogen atom abstraction mechanism [3] . However, more recent experimental results based on induced fluorescence [4, 5] and crossed molecular beam studies [6] suggest an insertion mechanism for the title reaction. Such a controversy has recently been clarified by using a global potential energy surface for the 1 2 A state of NH 2 reported by Ho et al. [37] . This surface, obtained by using the reproducing Kernel Hilbert Space (RKHS) interpolation method [8] [9] [10] , represents an improved version of a previous RKHS surface [11] modeled from a fit to high quality ab initio data. Both these potential energy surfaces predict the N( 2 D) + H 2 ( 1 + g ) → NH(X 3 − )+H( 2 S) reaction to proceed via a perpendicular approach of the nitrogen atom to H 2 . In fact, quasiclassical trajectory (QCT) calculations based on such potential energy surfaces show excellent agreement with the more recent experimental measurements. There have been other ab initio potential energy surfaces for the title system. Of these, we mention the surfaces of Buenker et al. [12] and Gabriel et al. [13] for both theX andÃ states of the bent-bent Renner-Teller NH 2 system. In fact, additionally to the ab initio data, Gabriel et al. [13] carried out fits to their own data with a view to analyze theÃ 2 A 1 −X 2 B 1 spectrum, having achieved a high accuracy. They report a barrier height of 11, 914 cm −1 for the linearization of NH 2 (X 2 B 1 ), although a more recent estimate [14] based on an empirically calibrated stretch-bender model points to a slightly lower value of 11, 774 cm −1 .
In this work, we report a realistic global potential energy surface for NH 2 (1 2 A ) based on double many-body expansion (DMBE) [15] [16] [17] theory. Corresponding to a possible fragment of larger N x H y species such as those of relevance in studying the synthesis of ammonia, it may therefore play a key role in the construction of global DMBE forms for such polyatomic systems. Indeed, this has been a primary motivation for modeling an accurate single-sheeted DMBE potential energy surface for the title system.
To warrant that the potential energy surface dissociates to the correct asymptotes, we make use of an improved switching function approach [18] . In turn, the calibration employed 1,498 ab initio points calculated at the multi-reference configuration interaction (MRCI) level using the full valence complete active space (FVCAS) as the reference function and the augmented polarized quadruple zeta (aug-cc-pVQZ or AVQZ) basis set of Dunning [19, 20] . To extrapolate the ab initio energies to the complete basis set/complete CI limit, they have been corrected semiempirically by using the double many-body expansion-scaled external correlation (DMBE-SEC) [21] method. As usual in DMBE [15] [16] [17] theory, the potential energy surface so obtained shows the correct longrange behavior at the dissociation channels while providing a realistic representation at all interatomic separations. For further realism, additional calculations of the long range N( 2 D)+H 2 ( 1 + g ) interaction have been carried using a computationally more demanding aug-cc-pV5Z (AV5Z) basis set [19, 20] , which were too corrected semiempirically by using the DMBE-SEC method.
The paper is organized as follows. Section 2 describes the ab initio calculations carried out in the present work, while Sect. 3 focuses on their modeling using DMBE theory. Specifically, Sect. 3.1 focuses on the two-body energy terms, and Sect. 3.2 in the three-body ones. The major topographical features of the DMBE potential energy surface are examined in Sect. 4. Sect. 5 gathers the concluding remarks.
Ab initio calculations
The ab initio calulations have been carried out at the MRCI [22] level using the FVCAS [23] wave function as reference. This involves seven correlated electrons in six active orbitals (5a + 1a ), amounting to a total of 50 configuration state functions. The AVQZ atomic basis set of Dunning [19, 20] has been employed, and the calculations carried out using the MOLPRO [24] package. To map the potential energy surface, a total of 1,532 points have been calculated (34 estimated from nearby points through interpolation) over N − H 2 regions defined by 1 ≤ R H 2 /a 0 ≤ 3.5, 1 ≤ r N−H 2 /a 0 ≤ 11, and 0 • ≤ γ ≤ 90 • while, for H − NH, they cover geometries defined by 1.5 ≤ R NH /a 0 ≤ 3.5, 1 ≤ r H−NH /a 0 ≤ 10, and 0 • ≤ γ ≤ 180 • ; R, r , and γ are the atom-diatom Jacobi coordinates. For improved accuracy, 44 of the above ab initio points have been calculated using the AV5Z basis set [19, 20] To account for electronic excitations beyond singles and doubles and, most importantly, for the incompleteness of the basis set, the calculated ab initio energies have been semiempirically corrected using the DMBE-SEC [25] method. Accordingly, the total DMBE-SEC interaction energy is written as
and R = {R AB , R BC , R AC } is a collective variable of all internuclear distances (these are equivalently denoted as {R i }, with i = 1 − 3). Explicitly, the first two terms of the DMBE-SEC series expansion assume the form:
Following previous work [25], the F (2) AB parameter in Eq. (4) has been chosen to reproduce the bond dissociation energy of the corresponding AB diatomic. Rather than choosing F (3) ABC to mimic the empirical well depth of NH 2 (X 2 B 1 ) which is somewhat uncertain (124.5 ± 0.2 kcal mol −1 ; the error bar has been taken from the reported heat of formation [26] ), we have instead fixed F (3) ABC at the average of the 3 two-body F-factors. For the AVQZ basis set, such a procedure leads to F NHH = 0.9825. Since our MRCI energies have been extrapolated to the complete basis set/configuration interaction limit, we judged it unnecessary to correct the results for the basis set superposition error [27] .
Single-sheeted potential energy surface
An approximate representation of a multi-sheeted potential energy surface by a single-sheeted form involves necessarily the use of switching functions. Such a procedure has first a) b) 
where ρ i = R i − R 0 i are the displacements from a reference geometry (R 3 is the H − H distance, R 1 and R 2 the O − H ones), and α is a range-determining parameter. Such a function allows the O( 1 D) state to appear in the O( 1 D)+H 2 ( 1 + g ) channel (i.e., for ρ 1 , ρ 2 → ∞) while being absent in the OH( 2 ) + H( 2 S) channel (ρ 3 → ∞). A similar situation holds for the title system, where the following dissociation scheme applies:
Since NH( 3 − ) dissociates to ground-state atoms, it is necessary to introduce a function that removes the N( 2 D) state from this channel. However, as noted in [18] , the function (6) cannot reach a unique value at the three-atom limit. Such an inconsistency prompted us to develop a more realistic switching function. We suggest the form
where R 1 represents the H − H distance, and α i and β i (i = 1, 2) are parameters to be calibrated from a least-squares fit to an extra set of 15 AVQZ points that control the N( 2 D) − N( 4 S) decay as the H − H distance increases for N + H 2 configurations (see the left-hand-side panel of Fig. 1 ). As a check to the fit, we observe that at R 1 = 1.401 a 0 the switching function differs by less than 10 −6 from unit, thus warranting the correct energetics at the N( 2 D)
To get a smooth three-body energy term, we further suggest to multiply Eq. (9) by an amplitude function that annihilates Eq. (9) at short-range regions (short N − H 2 distances):
where r 1 is the distance of the N atom to the center of mass of H 2 . A word is necessary at this point to clarify the notation. If the indexes (i, j, k) number the atoms (say, 1 for N, and 2 and 3 for H), r i represents the Jacobi coordinate separating atom i from the center of mass of diatom jk whose bond distance is itself denoted by R i . The final switching function then assumes the form
with the parameters of g(r 1 ) being chosen such as to warrant that its main effect occurs for N−H 2 distances larger than 8 a 0 or so (see the right-hand side panel of Fig. 1 ). The numerical values of all parameters in Eq. (11) are collected in Table 1 . Within the framework of DMBE theory, the single-sheeted potential energy surface is written as
where V = 0.09014 E h . For simplicity, we denote the resulting DMBE potential energy surface by V (R), although this should not be confused with the scaled ab initio energies calculated in Eq. (1) which are used to calibrate Eq. (12) . The following sections give the details of the analytical forms employed to represent the various energy terms in the latter.
Two-body energy terms
The potential energy curves for the two-body fragments are based on the extended Hartree-Fock approximate correlation energy method for diatomic molecules including the united atom limit [28] (EHFACE2U) which show the correct behavior at both the asymptotic limits R → 0 and R → ∞. They are given by the sum of two terms: (a) the extended-HartreeFock energy:
where r (without any subscript) denotes the displacement coordinate relative to the equilibrium geometry of the diatomic, r = R − R e ; (b) the dynamical correlation energy:
where
and
is a charge-overlap damping function for the long-range dispersion energy (as well as the electrostatic and induction energies, in case these must be considered). In turn, A n = α 0 n −α 1 and B n = β 0 exp(−β 1 n) are auxiliary functions [15, 29] ; α 0 = 16.36606, α 1 = 0.70172, β 0 = 17.19338, and
2 ) is the LeRoy [30] parameter for the onset of the undamped R −n expansion, and r 2 X is the expectation value of the squared radius for the outermost electrons of atom X (X = A, B). Finally, D and a i (i = 1, . . . , n) in Eq. (13) are adjustable parameters to be obtained as described elsewhere [15, 28] . Here, we employ the accurate EHFACE2U potential energy curve of groundstate H 2 (X 1 + g ) reported in [31] , and the curve of groundstate imidogen, NH(X 3 − ), modeled [32] from MRCI+Q ab initio points [33] . As shown in Fig. 2 , both potential curves mimic accurately the ab initio energies calculated in the present work, being for completeness numerically defined in Table 2 . Table 2 Parameters of two-body potential energy curves in Eqs. (13)- (16) 3.2 Three-body energy terms
Three-body dynamical correlation energy
This three-body energy term assumes the following semiempirical form [31] :
where r i , θ i and R i are the Jacobi coordinates corresponding to a specific geometry of the triatomic (see Fig. 1 of [25]), and
} is a convenient switching function; corresponding expressions apply to R j , R k , f j , and f k . Following recent work on HCN [34] , we have fixed η = 6 and ξ = 1.0 a 0 −1 . Regarding, the damping function χ n (r i ), we still adopt [31] Eq. (16) but replace R by the center-of-mass separation for the relevant atom-diatom channel. In addition, the value of ρ has been optimized by a trial-and-error procedure to mimic the asymptotic longrange behavior of the dynamical correlation energy, leading to ρ = 16.125 a 0 .
The atom-diatom dispersion coefficents in Eq. (17) assume their usual form
where P L (cos θ i ) denotes the Lth Legendre polynomial. The expansion in Eq. (18) has been truncated by considering only the coefficients C 0 6 , C 2 6 , C 0 8 , C 2 8 , C 4 8 , and C 0 10 ; all other coefficients have been assumed to make a negligible contribution, and hence neglected. To estimate the dispersion coefficients we have utilized the generalized Slater-Kirkwood approximation [35] and dipolar polarizabilities calculated in the present work at the MRCI/AVQZ level. As usual, the atomdiatom dispersion coefficients so calculated for a set of internuclear distances have then been fitted to the form
where C L ,AB n , for L = 0, are the corresponding atom-atom dispersion coefficients (see Table 2 ; for L = 0, C L ,AB n = 0), and b 1 = a 1 . The least-squares parameters that result from such fits are collected in Table 3 , while their internuclear dependences are displayed in Fig. 3 . Note that, for R = 0, the isotropic component of the dispersion coefficient is fixed at the corresponding value in the A − X pair, where X represents the united atom of BC at the limit of a vanishingly small internuclear separation.
As noted elsewhere [31] , Eq. (17) causes an overestimation of the dynamical correlation energy at the atom-diatom dissociation channels. To correct such a behavior, we have multiplied the two-body dynamical correlation energy for the ith pair by j =i 1 − f j (correspondingly for channels j and k). This ensures [31, 34] that the only two-body contribution at the ith channel is that of JK.
Three-body extended Hartree-Fock energy
By removing, for a given triatomic geometry, the sum of the one-body and two-body energy terms from the corresponding DMBE-SEC interaction energies in Eq. (1) which were defined with respect to the infinitely separated groundstate atoms, one obtains the total three-body energy. By then subtracting from this the three-body dynamical correlation contribution of Eq. (17), one gets the three-body extended Hartree-Fock energy. This has been modeled via a threebody distributed-polynomial [36] form 
where all the polynomials P ( j) (Q 1 , Q 2 , Q 3 ) are written in terms of symmetry coordinates (for definition of the latter, see, [36] ). Note that all polynomials are of sixth order, except the fifth one which is of fourth order. Figure 4 displays the reference geometries that have been used to define the displacement coordinates involved in Eq. (20) . To obtain R ( j),ref i
, we have first assumed their values to coincide with the bond distances of the associated stationary points. Such a restriction has subsequently been relaxed, with the optimum geometry being obtained via a trial-and-error procedure such as to reduce the root-mean-square-deviation (rmsd) of the final least squares fit. A similar procedure has been employed to set the nonlinear range-determining parameters γ procedure to the points close to stationary points; the complete list of ab initio energies and least-squares weights actually employed for the final fit may be obtained from the authors upon request. Table 4 gathers the values of the leastsquares parameters. The stratified rmsd of the final potential energy surface with respect to all fitted ab initio energies are reported in Table 5 . As shown, the final potential energy surface fits the regions up to the linear and C 2v barriers (∼ 130 kcal mol −1 above the global minimum) with a rmsd of < 0.4 kcal mol −1 and a maximum deviation of < 2.8 kcal mol −1 . Not surprisingly, the major (yet small) deviations occur at highly repulsive regions of the potential energy surface. Despite this, the DMBE form is seen to fit the ab initio data with chemical accuracy, with a stratified rmsd 1 % of the energy for the given stratum. Note that only a small percent of the points (< 16 %, this being for the whole range of energies) have a deviation larger than the calculated rmsd. Thus, although the fit might be improved by adding other polynomials, no attempt was deemed to be justified due to the unavoidable errors at regions close to the crossing seam. Table 6 compares the attributes of the stationary points of the DMBE potential energy surface with those of other theoretical potentials for ground state NH 2 , especially the most recent work of Ho et al. [7] (see also this reference for further comparisons). As expected, the DMBE surface predicts a lower barrier for the perpendicular insertion of the nitrogen atom into H 2 . The predicted geometry and well depth of the global minimum are seen to be basically coincident with those reported by Ho et al. [7] who have based their function on MRCI calculations using an AVTZ basis set (heretofore denoted by MRCI/AVTZ, and correspondingly for other basis sets). Note that the scaling of the dynamical correlation leads to a MRCI/AVQZ well depth for NH 2 (X 2 B 1 ) of 126.4 kcal mol −1 which is identical to the one obtained from the MRCI/AVTZ calculations after correcting for the triple and quadruple excitations using the Davidson correction [11] (except where mentioned otherwise, we will keep the notation MRCI/AVTZ to denote the corrected calculations at this level). Note further that the uncorrected MRCI/AVTZ calculations [11] lead to a well depth of 125.5 kcal mol −1 , which compares with the value of 125.9 kcal mol −1 obtained in the present work at the corresponding MRCI/AVQZ level. Thus, for the AVTZ calculations, the Davidson correction leads to a further increase of 0.4 kcal mol −1 in the well depth of NH 2 (X 2 B 1 ) when compared with the MRCI/AVQZ results from the present work after correction by the DMBE-SEC method. Table 6 also shows that the harmonic frequencies are very similar for the MRCI/AVTZ and DMBE-SEC surfaces, with the differences being smaller than about 50 cm −1 . The same observation extends to the DMBE surface. We emphasize that a dense grid of points has been calculated in the vicinity of the global minimum, with the rmsd of the DMBE least-squares fit to such points being ∼ 0.3 cm −1 (∼ 0.08 cm −1 for the direct fit of a cubic polynomial in valence coordinates to the DMBE-SEC data). For the C 2v barrier, the DMBE potential energy surface predicts a barrier height which is 0.36 kcal mol −1 higher than that predicted by the Ho et al. [7] form (0.23 kcal mol −1 higher than their previous ab initio estimate [11] ) but 0.15 kcal mol −1 below the MRCI calculations reported by Takayanagi et al. [37] using a somewhat less flexible cc-pVTZ basis set. Note that those potential energy surfaces [7, 11, 37] employ ab initio diatomic curves calculated at the corresponding level of ab initio theory, whereas in our case they have been corrected by scaling the dynamical correlation such that the full curve mimics the best available estimate for the well depth (see Sect. 2). Recall now that the three-body scaling factor used in the DMBE-SEC method is obtained as the average of the two-body ones. Thus, the attributes of the triatomic potential are true predictions of the method. For example, the calculated bond length and dissociation energy for H 2 (including the one-body term referring to the energy difference between the 4 S and 2 D electronic states of atomic nitrogen) at the MRCI/AVTZ level are R e = 1.404 a 0 and D e = −0.082762 E h while the corresponding attributes of the EHFACE2U (or SEC) curve are R e = 1.401 a 0 and D e = −0.084336 E h . As shown in Fig. 5 , the H 2 asymptote in the DMBE potential energy surface lies therefore 0.987 kcal mol −1 below the MRCI/AVTZ curve obtained by interpolation using the RKHS method [7] . Similarly, a fit to the dense grid of unscaled MRCI/AVQZ points close to the C 2v saddle point calculated in the present work leads to a barrier height relative to the unscaled MRCI/AVQZ curve for H 2 of 2.19 kcal mol −1 , i.e., the scaling of the dynamical correlation is predicted to yield a stabilization of only 0.03 kcal mol −1 relatively to the unscaled calculations. Assuming that the Davidson correction would lead to an extra lowering similar to the value encountered for the equilibrium geometry, one would predict a barrier height for the C 2v insertion of N( 2 D) into H 2 of 2.19 − 0.4 − 0.03 = 1.76 kcal mol −1 , in surprisingly good agreement with the value of 1.8 kcal mol −1 reported for the MRCI/AVTZ calculations [7, 11] . Instead, if we use their estimated [7, 11] AVTZ Davidson correction (0.36 kcal mol −1 ) at the C 2v saddle point one gets 2.19−0.39 = 1.8 kcal mol −1 , which yields an AVQZ barrier height identical to the AVTZ one. This by no means implies that the inclusion of the Davidson correction leads to a more reliable barrier height than the DMBE-SEC method. In fact, this method has by construction the advantage of mimicking the exact atom+diatomic asymptote at the equilibrium geometry of the diatomic molecule. Thus, further ab initio work and possibly dynamical calculations are necessary to ascertain which of the above estimates Table 6 shows that there is a fairly good agreement between the DMBE and RKHS [7] potential energy surfaces as far the calculated vibrational frequencies are concerned, with the largest absolute deviations not generally exceeding 60 cm −1 . Such deviations remain small when comparing the results obtained by fitting a local polynomial with those obtained from the DMBE potential energy surface, which corroborates the high quality of the present global fit.
Features of the potential energy surface
The linear barrier has only been modeled via the final DMBE fit, and hence its attributes may not have been so definitely characterized. It is seen that the barrier height slightly overestimates previous theoretical values. Perhaps not surprisingly, somewhat larger differences are also observed Fig. 8 Optimized C 2v bending curve: dashed line, RKHS [7] , dotted line, empirical [14] ; continuous line, DMBE (this work) for the corresponding harmonic frequencies. Despite this, we may judge our results as providing an accurate representation of the true potential energy surface at the chosen level of theory.
Figures 6, 7, 8, 9, 10, and 11 illustrate the major topographical features of the NH 2 (X 2 B 1 ) DMBE potential energy surface. Clearly, it has a smooth and correct behavior over the whole configuration space. Also visible are its major stationary points: C 2v and linear barriers, and the global minimum. Moreover, we observe from Fig. 7 the D ∞h saddle point associated to the linear 2 structure where thẽ X andÃ Renner-Teller states of NH 2 become degenerate. This stationary point has been properly characterized, and found to lie 11, 802 cm −1 above the minimum of the NH 2 potential energy surface at a D ∞h geometry with characteristic bond length of R 2 = R 3 = 1.8695 a 0 and frequencies of ω 1 (N − H) symm = 3, 676 cm −1 , ω 2 (N − H) asym = 6, 979 cm −1 , and ω 3 (bend) = 1, 544 cm −1 . Such a point corresponds to the maximum at 180 • in the optimized bending plot of Fig. 8 , and corresponds in the RKHS function to a bending barrier of 11, 879 cm −1 . A notable feature from this plot is the fairly good agreement between our optimized bending curve and the one that we have obtained from the RKHS [7] potential energy surface, which exceeds the most recent empirical estimate [14] for the bending barrier height by 105 cm −1 . Interestingly, such a barrier for linearization is predicted by the DMBE potential energy surface to be only 28 cm −1 larger than the empirical result obtained from the effective one-dimensional bending potential model of Duxbury and Alijah [14] . Indeed, the agreement with the latter is excellent over the whole range of angles shown in Fig. 8 , particularly for values larger than equilibrium where the optimized DMBE curve is almost indistinguishable from the empirical curve [14] within the scale of the figure. This is a remarkable result since our fitted ab initio MRCI data points correspond to energies computed for an optimized characteristic bond length at each value of the valence angle ( HNH). We should also emphasize that the ab initio points of the dense grid encompassing the 2 structure have been highly weighted in the least-squares fitting procedure such as to warrant an accurate description of the topographical features Contour plot for a H atom moving around a NH diatomic fixed at the equilibrium geometry, R NH = 1.965 a 0 , which lies along the X -axis with the center of the bond fixed at the origin. Contours are equally spaced by 0.01 E h , starting at −0.29 E h . Shown in dash are contours equally spaced by −0.00005 E h , starting at −0.130208 E h of potential energy surface at those regions of configuration space. Thus, we corroborate the recent trend to diminish the barrier for linearization when comparing with earlier theoretical [12] and empirical [38] estimates.
Figures 10 and 11 illustrate also the long range part of the potential energy surface which was fitted such as to provide a reliable description of the van der Waals minimum for the N − H 2 interaction: the rmsd of all fitted points (with N − H 2 distances larger than 5a 0 ) in the energy range between the van der Waals minimum and the dissociation limit, in a total of 44 points, is 6.4 cm −1 . Note that it shows a flat van der Waals valley, with two minima: one at a C 2v geometry and the other at a C ∞v one. Of these, the deepest minimum refers to the T-shaped structure, although its well depth is only 0.032 kcal mol −1 (11.2 cm −1 ) larger than that of the collinear one; see Table 7 for other attributes. It should be pointed 1 s) to interpolate between the calculated points; s = R − R m is the displacement coordinate from the minimum associated to the chosen angle, and D and a i are least-squares parameters. Such a procedure has also been employed to generate points at the intermediate distances between the last calculated point and the asymptote where the dynamical correlation energy by far dominates. Instead, to generate a few points at C 2v geometries where their convergence proved unsatisfactory, we have chosen a parabolic angular dependence centered at 90 • . As shown in the one-dimensional plots of Figs. 12 and 13, the final DMBE form reproduces quite satisfactorily all fitted data. It should be emphasized that the topography of the AV5Z potential energy surface at the N · · · H 2 van der Waals region differs drastically from the one calculated at the MRCI/AVTZ level, while the MRCI/AVQZ one is intermediate and confirms the tendency to the AV5Z results. This is illustrated in Fig. 14, which shows the MRCI minimum energy paths for the above three correlated consistent basis sets as a function of the Jacobi angle (the points are approximate, and have been obtained by interpolation of the three calculated energies closest to the minimum for a given Jacobi angle by using a quadratic form). Also indicated for comparison is the curve associated to the DMBE potential energy surface. Clearly, the agreement with the MRCI/AV5Z results is rather satisfactory, especially recalling the discrepancy amongst the ab initio results themselves. Of course, an improvement could be obtained either by increasing the order of the polynomial centered at the T-shaped van der Waals minimum or adding an extra polynomial centered at the linear van der Waals structure. For the reasons given in Sect. 3 and given the coarse grid of calculated MRCI/AV5Z points, such an approach did not seem justified. In turn, the H · · · NH channel is purely attractive, and hence no such calculations have been judged to be necessary there.
The isotropic and leading anisotropic potentials are two important quantities for the study of N − H 2 scattering processes [39] , being shown in panels (a)-(c) of Fig. 15 and Table 8 . Specifically, the isotropic average potential V 0 determines how close on average the atom and molecule can approach each other, while the magnitude of V 2 indicates whether or not the molecule prefers to orient its axis along the direction of the incoming atom: a negative value favors the collinear approach while a positive value favors the approach through an isosceles triangular geometry. The barrier in V 0 located near 3.5 a 0 (see panel (a) of Fig. 15 ) corresponds to the C 2v transition state, as corroborated by the positive value of V 2 at such a distance. In turn, the negative sign of V 2 at distances larger than 8.5 a 0 , indicates that the van der Waals interaction energy is larger for such collinear geometries (see panel (b) of Fig. 15 ) as one would expect from the larger polarizability of the hydrogen molecule along the internuclear axis. Note, however, that the anisotropy is positive at the region of the van der Waals minimum in the isotropic potential (V 0 ). This is due to the deepest well associated to the T-shaped van der Waals structure. This contrasts with the RKHS surface, which predicts the van der Waals minimum to occur at a collinear geometry. Recall that the MRCI calculations carried out using AVTZ, AVQZ, and AV5Z basis sets corroborate the tendency to a shallow van der Waals valley (see Fig. 13 ), with minima being located both at T-shaped and collinear structures. The small bump in V 2 between 6.5 and 7.5 a 0 may be attributed to the fact that the T-shaped minimum occurs at a slightly smaller atom-diatom bond distance than the collinear van der Waals structure. Since the N( 2 D) + H 2 reaction has been shown to display a preference to occur via an insertion mechanism, it is possible that this subtle detail may have practical implications for the scattering especially at low collision energies. We further observe that the spherically averaged component of the RKHS [7] surface has a slightly shallower van der Waals minimum in comparison with the DMBE one but is somewhat more attractive at large distances (see Table 8 for the numerical attributes of V 0 and V 2 ). Moreover, the DMBE potential energy surface has a significantly smaller anisotropy (the well depth of V 2 is only 1.6 cm −1 ) than the RKHS [7] surface in accordance with the trends predicted from the MRCI calculations; see the insert of Figs. 12 and 14. Finally, we emphasize (see panel (c) of Fig. 15 ) that the current potential energy surface reproduces the assumed long-range interactions described in Sect. 3.2.1 both at the N( 2 D) + H 2 and H · · · NH asymptotes, a major general asset of DMBE theory.
Concluding remarks
We have suggested an improved switching function formalism that allows an accurate description of the ground state potential energy surface of NH 2 by a single-sheeted DMBE form. This has been calibrated from newly calculated MRCI energies distributed over all geometries of chemical relevance. Given the high level of the calculated ab initio energies, the resulting DMBE potential energy surface is possibly the most accurate function reported thus far for the title system, although it lies close to that obtained via a RKHS interpolation [7] . Clearly, a more definite assessment of the accuracy of the DMBE potential energy surface 1 cannot be made prior to use in dynamics calculations. Its simplicity and quality suggest though that it should be recommendable for both reactive and non-reactive studies of N( 2 D) + H 2 collisions.
